Introduction: This study investigated if optimized dose regimens of escitalopram and bupropion combination from treatment initiation can be superior to either drug alone in speed of onset, remission rate, and maintenance of therapeutic efficacy. Methods: Patients from a single site (N=85) within a larger double-blind 12-week trial (N=245) showed a lower dropout rate (14% vs 40%) and used higher doses; therefore, this cohort was analyzed separately. Uniquely at this single site, after 12 weeks, non-remitters on a single drug received the other one in addition and combination non-remitters underwent a switch of escitalopram for duloxetine for a 6-week period. Escitalopram could be given up to 40 mg/day and bupropion up to 450 mg/day. A 6-month prolongation was then implemented in remitters, maintaining the double-blind design throughout. Remission was defined as #7 on the 17-item Hamilton Rating Scale for Depression, as in the initial publication. Results: At week 2, combination treatment was superior in remission rate (5/28) compared with both bupropion (0/26) and escitalopram monotherapies (0/31; P=0.03 and P=0.02, respectively). The week 12 remission rate of combination treatment showed a higher rate (15/28) relative to bupropion monotherapy (7/26; P=0.04), but not statistically different from escitalopram monotherapy (11/31; P=0.13). The 6-week augmentation produced remission in 7/21 monotherapy non-remitters and 0/6 in the switch group (P=0.13). Remission was sustained in 28/31 patients enrolled in the 6-month maintenance. Conclusion: These results suggest that combination of escitalopram and bupropion from treatment initiation is superior to either monotherapy in speed of onset. The addition of a second drug in non-remitters can lead to additional remissions, as shown with other combinations of medications. Treatment prolongation using optimized regimens leads to low relapse rates.
Introduction
Despite the high prevalence of major depressive disorder (MDD), 1 current available treatment options are still insufficient, resulting in persistent disabling symptoms, lower work productivity, higher health care costs and suicides. 2 Both pharmacological and psychotherapeutic treatments generally produce a slow onset of action and low remission rates. The first-line medications, like selective serotonin reuptake inhibitors (SSRIs), may take 2 weeks before any improvement occurs and after 6 weeks, only about one-third of patients attain remission, one-third shows partial response, and one-third fails to respond at all. [3] [4] [5] Nonresponders to at least two adequate pharmacological trials with appropriate dosing and duration may be classified under the term treatment-resistant depression (TRD).
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Another problem with the treatment of MDD is that, although there exists a reliable predictor of nonresponse (ie, the lack of a 20% improvement after 2 weeks of treatment with a single drug), predictors of a positive response are yet lacking. 7, 8 Nevertheless, specific medications can be selected in first intent to improve rapidly certain symptom domains (ie, mirtazapine or agomelatine for insomnia). However, following treatment failures many patients end up on a combination of more than one medication, based on different mechanisms of action. 9, 10 Hence, medication augmentation is a common practice for treatment-resistant patients. 11, 12 Unfortunately, the longer the delay in achieving remission in these patients, the worse is their depression prognosis and the harder achieving remission becomes. 13, 14 Vice versa, early onset of efficacy of antidepressant therapy is vital, considering it is associated with a more stable response, a higher remission rate, and less recurrence of depression than late onset.
14 Thus, starting with more than one medication from treatment initiation may be a worthwhile approach.
Four randomized, double-blind, placebo-controlled studies using optimized dose regimens support the potential superiority of a combination strategy from treatment initiation. [15] [16] [17] [18] Maes et al initiated the administration of the SSRI fluoxetine with a placebo or with pindolol or the α 2 -adrenergic, 5-HT 2A and 5-HT 2C antagonist mianserin to treat MDD in 31 TRD patients. 15 The SSRI-mianserin approach outperformed the SSRI alone in terms of overall response in the first week and in end-of-study, week 5, the fluoxetine monotherapy resulted in only a 9% response rate compared with 60% in both the SSRI-pindolol and the SSRI-mianserin arms. Nelson et al assessed the efficacy of an SSRI, a norepinephrine (NE) reuptake inhibitor, and their combination in 39 hospitalized MDD patients. 16 After 6 weeks, the SSRI fluoxetine and the NE reuptake inhibitor desipramine had yielded a superior remission rate in combination relative to either medication alone: 53% vs 7% and 0%, respectively. Likewise, combination therapy using mirtazapine and the SSRI paroxetine was compared to either drug alone in 61 MDD patients, and week 6 remission rates for the combination, mirtazapine or paroxetine monotherapy showed 53% vs 19% and 26%, respectively. 17 Moreover, half of the monotherapy nonresponders remitted after a 2-week augmentation with the other drug. In 105 MDD patients, various combinations with mirtazapine (ie, bupropion, fluoxetine, and venlafaxine) all attained superior remission rates compared with fluoxetine alone: 25% vs 46%-58%. 18 Confirming the efficacy of the combinations, a double-blind discontinuation of one agent in the combination responders resulted in 40% early relapse.
In contrast to these findings, two larger trials found different results but they were subjected to methodological limitations. A large placebo-controlled, but single-blind, trial known as the Combining Medications to Enhance Depression Outcomes (CO-MED; n=668) study compared two combinations to escitalopram monotherapy after an initial 1-week open-label period on one medication, and showed a similar remission rate of 40% in all groups. 19 Importantly, the investigators were never blinded to the treatment of the patients and the dosing regimen ended up being suboptimal in the two combination groups. The mean exit dose of mirtazapine was subtherapeutic (ie, 22 mg/day on average), that of venlafaxine was ,200 mg/day, and that of escitalopram was lower in the combination group than in the monotherapy group. Therefore, a four-center, double-blind, randomized, placebo-controlled study investigated again the escitalopram and bupropion combination therapy compared to either drug alone using optimized dose regimens. 20 Doses above the maximal recommended dose of escitalopram of 20 mg/day (ie, 30 and 40 mg/day) and up to a maximal dose of bupropion of 450 mg/day were titrated weekly. Although this randomized trial in 245 MDD patients put into evidence a significant superiority of higher doses of escitalopram (on average 30 mg/day) over bupropion at the end of 12 weeks of initial treatment (remission rates of 52% vs 34%, respectively), the combination was not superior to either drug alone. It is noteworthy that a primary outcome measure of remission at week 2 showed that the combined treatment achieved statistically significant superiority over bupropion, but not quite vs escitalopram monotherapy.
There were, however, significant differences in dose levels and dropout rates between the four clinical units involved in this study. Nearly all patients at a single site, the Royal Ottawa Institute of Mental Health Research (IMHR) unit, reached the maximal possible doses, yet the dropout rate was much lower (14% vs 34%-40% in the other locations). Consequently, these two observations on their own justified an analysis of the results obtained at this single site. Current report thus examined this IMHR subsample within a larger multisite trial. In addition, uniquely at this site, a subsequent double-blind, 6-week augmentation or switch strategy was carried out in 27 patients who did not achieve remission. Those on a single medication kept their medication regimen and the other drug was added, whereas the combination group underwent a switch of the escitalopram for duloxetine. The hypotheses were that in this subsample, 1) the onset of remission will be faster in combination therapy relative to both bupropion and escitalopram monotherapies as measured by 
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optimized regimens of combined medications for the treatment response and/or remission in weeks 1 and 2; 2) the remission rate after 12 weeks will be greater in combination therapy than in both monotherapies as measured by week 12 remission rate; 3) adding the other medication in monotherapy, nonresponders will produce additional remitters as measured by augmentation week 6 remission; and 4) combination therapy will sustain remission better than monotherapies as measured by month 6 remission rates.
Materials and methods Subjects
Patient evaluation was performed using the Structured Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR) Diagnoses. 20 Alongside the MDD diagnosis, patients had to show $22 score on the Montgomery-Asberg Depression Rating Scale (MADRS) for randomization. 20 Exclusion criteria were comorbid psychosis or another axis I disorder other than MDD considered primary, as well as bipolar disorder or an eating disorder, a history of seizures or an abnormal electrocardiogram. Patients taking concomitant medications for an unstable physical condition or receiving other psychoactive drugs were not eligible, whereas patients using medications to maintain a stable physical condition, eg, a controlled blood pressure, were allowed. 20 All patients provided written informed consent before starting their study participation. After general health was confirmed by physical examination and laboratory tests, which included a drug screening, they were randomized to either bupropion or escitalopram monotherapy or treatment with the combination of both. In the augmentation phase, nonremitters on initial monotherapy kept their current regimen and the other drug was added, whereas non-remitters on initial combination treatment underwent a switch of escitalopram for duloxetine in addition to continued administration of bupropion, with weekly titration as tolerated.
Dose regimen
Four different dose levels were used, based on tolerability and with the patient's agreement, the level was maintained or increased by one level per week. In the combination treatment, the dose levels were the same as each drug in monotherapy. Level 1 was 150 mg bupropion and/or 10 mg escitalopram. In week 2, they could start on level 2, ie, 300 mg bupropion and/or 20 mg escitalopram. In week 3, this could be upgraded to level 3, 300 mg bupropion and/or 30 mg escitalopram. From week 4 onward, dose levels could go up to level 4, corresponding to 450 mg bupropion and/or 40 mg escitalopram. 20 Level 1 of duloxetine was 60 mg/day, levels 2 and 3 were 90 mg/day, and level 4 was 120 mg/day. Randomization was done by computer. The medications and the placebos were appearing identical, they were provided in sealed dispensing cards, and the number of tablets to be taken daily in the morning with food was the same at all levels to prevent patients from knowing which group they had been assigned to. The raters were blind to the treatment groups.
endpoints Throughout the study, the primary outcome of efficacy was assessed weekly on the 17-item Hamilton Rating Scale for Depression (HAM-D17), as in the overall report. 20 The MADRS was used for the study entry screening and assessed secondarily at weeks 2 and 12 and at the end of the 6-week augmentation. 20 Remission on the HAM-D17 was defined by a score of #7 and on the MADRS as #10.
20
Data analysis
Overall sample size determination for the first phase of the trial was outlined in Stewart et al. 20 To correct for missing data of dropouts and for missed study visits of completers, all data were analyzed in a last observation carried forward (LOCF) manner. All values are represented as mean±standard deviation. Multivariate analyses of variance (MANOVAs) were used for change score comparisons as well as MANOVA or ANOVA for dose-level examinations, and remission rates were analyzed by chi-squared tests or Fisher's exact tests, in case a remission rate of zero was included. All statistical analyses were tested against a significance level of α=0.05 and performed in SPSS version 22.0. 21 MANOVA post-hoc least significant difference (LSD) comparisons were used, without correction for multiple testing, justified by the modest sample size and loss of power when using MANOVA for a repeated measures design.
All three phases of the study were approved by the Royal Ottawa Health Care group research ethics board and funded by NIMH 1R01 MH077285-01A2. Health Canada Clinical Trial number: 120040.
Results
Of the screened patients for the study, not all met the inclusion criteria and some fell in the exclusion criteria at the time of randomization, resulting in a lower but substantial eligible number (Figure 1 ). By exemption, two patients had to be excluded because of errors made by pharmacy. There were no statistical differences in age, sex, and marital status among the three groups, as was the case in the larger sample (Table 1) . 20 Dropout rates were 19% in bupropion submit your manuscript | www.dovepress.com
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Zuilhof et al monotherapy, 13% in escitalopram monotherapy, and 11% in the combination treatment patients in the first 12 weeks. Following the initial 12-week treatment period, 27 nonremitters participated in the 6-week augmentation (Figure 1 ). Of these patients, 11 came from bupropion monotherapy, 10 from escitalopram monotherapy, and 6 from combination treatment. Since the monotherapy non-remitters received the same combination of escitalopram and bupropion in the augmentation phase, they were analyzed as one group.
primary outcome -initial treatment Hypothesis 1. To investigate the speed of onset of efficacy and remission, the overall HAM-D17 scores were analyzed first. Post-hoc LSD pairwise comparisons showed that in terms of the mean response at week 1, combination treatment was significantly more beneficial relative to bupropion monotherapy ( Figure 2 ). Remission rate comparison showed that the week 2 remission rate of combination treatment was significantly higher than of both monotherapies ( Figure 3 ). On average, remitters had lower baseline HAM-D17 scores than non-remitters, 19 
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Zuilhof et al Figure 3 ). Combination week 12 remission was only numerically superior to escitalopram monotherapy (P=0.16), which produced 11 final remitters. Figure 4 ). Remitters showed no baseline difference from non-remitters on the MADRS (P=0.10). Hypothesis 2. The MADRS week 12 remission rates showed no significant difference between treatments ( Figure 4 ).
Secondary outcome -initial treatment
primary outcome -augmentation in non-remitters
The 6-week augmentation trial lead to a significant response on the HAM-D17 in initial HAM-D17 non-remitters, which differed between the escitalopram and bupropion combination group and the combination non-remitters, in which escitalopram was switched for duloxetine (F(1, 25)=4.84, P=0.037; Table 2 ).
Hypothesis 3. The augmentation HAM-D17 remission rates were 7/21 in escitalopram and bupropion combination treatment and 0/6 in the switch for duloxetine group (P=0.13; Figure 5 ).
Secondary outcome -augmentation in non-remitters
As the MADRS secondary outcome, the difference in mean scores of the combination group and the switch group showed significance at the end of the 6-week augmentation (F(1, 24)=9.99, P=0.004). The mean scores of remitters vs non-remitters were significantly different at baseline as well as at week 6 (F(1, 24)=5.06, P=0.034, and F(1, 24)=30.14 P,0.001, respectively).
Hypothesis 3. The augmentation MADRS remission rates were 6/21 in escitalopram and bupropion combination treatment and 0/6 in the switch for duloxetine group (P=0.28). The mean dose level of the added drug and that of the primary drug at the end of the 6-week augmentation were analyzed. There was no significant difference between treatment groups in the mean levels of the primary drug and the added drug (P=0.82 and P=0.91, respectively) or between remitters and non-remitters (P=0.33 and P=0.34, respectively). The mean level of the primary drug was 3.8±0.4 in patients coming from 12-week bupropion monotherapy, 3.7±0.5 in patients from 12-week escitalopram monotherapy, and 3.7±0.8 in patients from 12-week combination treatment; these levels represent bupropion, escitalopram and bupropion, respectively. The mean dose level of the augmentation drug was 2.7±1.4 in patients coming from 12-week bupropion monotherapy, 2.8±1.2 in patients from 12-week escitalopram monotherapy, and 3.0±0.9 in patients from 12-week combination treatment; these levels correspond to escitalopram, bupropion, and duloxetine, respectively.
Six-month prolongation in remitters
The remitters participated in a 6 month prolongation in which response was assessed monthly on the HAM-D17. Some of the initial week 12 remitters and augmentation week 18 remitters (n=40) were lost to follow-up (n=9) or dropped out during the prolongation (n=5), but they were all in remission at the time of dropout. The 31 patients who participated in the prolongation were analyzed in an LOCF manner. The HAM-D17 month 6 remission rate was 90%. Post-hoc LSD testing showed significant response differences between bupropion and combination at each visit throughout the prolongation after baseline, as well as a significant response difference between bupropion and escitalopram, except for month 2 ( Figure 6; 
Dose regimen -6-month prolongation in remitters
The mean dose level was 3.8±0.4 in bupropion remitters, 3.7±0.6 in escitalopram remitters, and 3.1±1.1 in combination analysis of self-assessment scale Post-hoc LSD pairwise comparisons showed that the combination treatment was overall significantly superior to escitalopram monotherapy at weeks 12-18 on the selfassessment scale, the Quality of Life Enjoyment and Satisfaction Questionnaire-short form (Q-LES-Q-SF; P=0.032; Figure 7 ). Overall, remitters scored significantly higher than non-remitters both at baseline and week 12 (F(1, 78)=6.71, P=0.011 and F(1, 78)=71.49, P,0.001, respectively). An analysis of only the remitters who participated in the 6-month prolongation, showed a significant difference between month 6 remitters and month 6 non-remitters at month 6 (F (1, 26)=6.34, P=0.018) . LSD testing showed a significantly higher mean score for combination treatment over escitalopram monotherapy at baseline (P=0.043) and at month 6 (P=0.022) between the 6-month prolongation patients.
Discussion
The present analysis of a subsample of MDD patients (n=85) was conducted within a larger trial (n=245) that has been published and showed no final difference between escitalopram and bupropion combination from treatment initiation and either monotherapy. 20 However, the larger, multicenter trial was subject to substantial methodological limitations. The same accounts for the multicenter-based CO-MED study, in which current combination strategy was investigated. In contrast to these larger trials holding methodological complications, multiple single-unit studies showed superior remission rates for a medicinal combination approach from treatment initiation in MDD.
A first justification for the investigation of current subsample was the strikingly lower dropout rate in this subsample compared with the other units within the larger trial, despite the use of higher dose regimens. Another reason justifying this subanalysis was the statistically significantly different patient presentation in the current sample, contrasting with those of the US sample. There were a significantly greater number of patients in this subsample meeting criteria for melancholia, whereas there were significantly more patients with comorbid anxiety in the NYC subsample. 20 Nevertheless, in the overall trial, escitalopram was used at a mean dose that was higher than the maximum recommended one (20 mg/day), and outperformed significantly bupropion. 20 It is important to mention that none of the patients at baseline had an abnormally long corrected QT interval and that there were no cardiac complications linked to this parameter. These results are thus consistent with those of Wade et al who used doses of escitalopram as high as 50 mg/day in patients with MDD without significant complications. 22 Similar high doses of escitalopram in the use for obsessive compulsive disorder and binge eating achieved higher therapeutic benefits. [23] [24] [25] [26] The escitalopram-bupropion combination produced evidence for the more rapid onset of remission at week 2, using both the HAM-D17 and the MADRS due in part to no one achieving remission at this time point on a single medication in contrast to patients from other centers. As well in the overall sample of 245 patients, this difference was also statistically significant using the HAM-D29 scale which addresses a wider variety of symptoms than the HAM-D17 and the 10-item MADRS. 20 It is noteworthy that even using the HAM-D17, there were more remitters in the combination group than in both monotherapy arms combined. It is important to note that at this time point in the study, the dose regimens were still within the label of both medications. Consequently, using two drugs from treatment initiation may be beneficial for some patients with MDD.
Throughout the subsequent 10-week period, there was only numerical superiority of the combination approach over monotherapies, with the exception of the 12-week time period, when the combination approach statistically 
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optimized regimens of combined medications for the treatment surpassed the bupropion monotherapy and resulted in a remission rate .50%. This specific combination did not produce clear evidence of superiority over escitalopram alone. It is nevertheless important to point out that doses of escitalopram were optimized beyond the current label of the drug (ie, 30 and 40 mg/day).
In support of the benefits of the combination approach, the addition of the other drug in monotherapy non-remitters brought a third of patients below the remission threshold. In contrast, the combination non-remitters did not improve over the same 6-week period by switching escitalopram for duloxetine. These results obtained under double-blind conditions are thus fully consistent with the results of the STAR*D study -level 2, whereby bupropion addition to an ongoing regimen of the SSRI citalopram produced a 30% remission rate measured on the HAM-D17 scale, as in the present sample. 5 The optimal dose of 120 mg/day of duloxetine actively engaging the NE transporter was reached only in two of the six patients because of tolerability issues. 27 Consequently, most patients in this group were not on a serotonin-norepinephrine reuptake inhibitor regimen of duloxetine.
In the prolongation phase, the remitters, independently of the drugs given, were all on optimized dose regimens and 90% maintained remission. In addition, their enhanced quality of life as measured by their self-assessment was also sustained. Therefore, the fourth hypothesis that the combination treatment would be superior to the monotherapies in sustaining remission could not be supported. These results are therefore in line with the clinical lore that the regimen of medications that gets patients well will keep them well.
Finally, different life circumstances between the current sample and the larger sample may have played a role in the differential outcome between the regions. Sociodemographic characteristics of income in a subsample of patients who had children between age 7 and 17, showing 63% of the NYC patients earned ,$15 K in contrast to the .$40 K by 81% of the Ottawa region participants, likely reflected the significantly different unemployment rates observed in the larger sample, ie, 53% vs 35%, respectively. 20, 28 The NYC patients enrolled in the larger sample may have presented with another depression type (ie, with anxious features), possibly attributable to more difficult life situations.
Limitations
The present analyses have, however, the following limitations. Patients were not stratified in the analysis for comorbid anxiety features vs MDD with high melancholia or without comorbidities. Therefore, the suggested relation between anxiety and the preferential responsiveness to escitalopram rather than bupropion or their combination could have been investigated more in depth. Secondly, the drug side effects were not compared between treatment groups in this subsample, although they have been published for the larger trial. 20 However, the dropout rates between therapy arms were not significantly different and the sustained efficacy and low dropout during the 6-month prolongation confirmed that the use of higher dose regimens was well tolerated. Furthermore changes in dose levels were always implemented with the agreement of the patients.
Conclusion
In summary, the combination of escitalopram and bupropion led to a faster onset of remission in this patient group, assessed at week 2 using standard doses. This combination subsample analysis is consistent with results of the four prior double-blind studies showing remission rates of 50% using two medications with complementary mechanism of action from treatment initiation. [15] [16] [17] [18] This study also provided evidence for the strategy of augmentation when incomplete response is attained, as shown with other combinations of medications. 29 Finally, evidence was provided for the effectiveness of maintaining optimized regimens of medications to sustain remission in MDD.
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